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3D digital imaging is becoming a more and more approachable technology for cultural 
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determine practical and effective approaches to 3D digitization programs centered on 
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professionals synthesized with data from academic literature and salient 3D projects. The 
result will form a resource for understanding and demonstrating the usefulness of this 
technology and it possibilities. 
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Introduction 
 
      Three Dimensional (3D) digital imaging is a set of tools that allow the creation of an 
accurate digital, representation of a subject. This artifact can then be accessed and 
interacted with in a digital interface. The purpose of 3D modeling is to make archival and 
museum collections accessible to the outside world by deploying them on the web.  
      Using interviews from professionals in digital imaging, archaeology, and information 
science, this paper argues for the value of 3D technology in cultural heritage work and 
examines methods to applying 3D imaging to this material. This technology is used 
effectively in numerous specialized professional fields, but it is only recently that 
decreases in costs and technical barriers have allowed for its adoption by cultural heritage 
institutions. 3D projects have been initiated at a number of major cultural institutions, 
primarily on the national or federal level with impressive results. A decrease of 3D digital 
imaging costs and the emergence of more accessible approaches are making 3D feasible 
for cultural and humanistic use in a way not possible previously for practitioners with less 
access to funding and time resources.  3D material can be created using many techniques, 
and not all are realistic for medium and small-scale cultural institutions that would 
benefit from making their content accessible in this way. A primary reason for 
investigation into this topic is to describe lower cost alternatives so that 3D can become 
more widely used.   
While 3D digital imaging has become more accessible for use in cultural heritage 
and humanities fields, there are still significant material and conceptual barriers. In 
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examining these barriers and solutions, this paper will explore how 3D can be practically 
and effectively made use of by cultural institutions. Useful examples of successful 3D 
projects, and justifications on how 3D can serve to expand and enhance this area of work 
will be explored. This paper will then conclude with a discussion of how 3D could 
change the professional work and public perception of cultural heritage. 
 
      Three Dimensional (3D) digital imaging is a set of tools which allow the creation 
of an accurate representation of a subject. This digital artifact can then be accessed 
and interacted within a digital interface. The essence of the value of this technology is 
stated by a professional familiar with 3D interviewed for this paper,  
 
Literature Review 
The question this paper seeks to address is how 3D digital imaging can be applied 
to the field of cultural heritage and methods to make this more practical and affordable? 
Awareness and interest in applying 3D digital imaging technology to cultural heritage 
materials has been increasing in recent years. To adequately explore the potential for this 
technology and discover useful approaches for its application, it is necessary to examine 
several sources of information available on the topic. Sources fall into two broad 
categories. These source types are scholarly literature and current institutional 3D digital 
imaging projects. Examples from each of these categories will be examined separately for 
this review, although there is some overlap between the two. 
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Academic Literature 
 
From exploring the relevant articles it is clear that there exists a useful body of 
relevant academic literature. Many scholars have shown an interest in applying 3D digital 
imaging to cultural heritage. Included subjects cover descriptive background on this 
technology as well as commentary on its importance and range of methods of application. 
 Since there are several types of 3D digital capture devices these need to be 
examined, discussed, and compared in order to decide what options are possible and 
optimal. The article Heritage Recording and 3D Modeling with Photogrammetry and 3D 
Scanning by F. Remondino, published in 2011 in a special edition of the Remote Sensing 
publication covers this subject well. Remondino in his introduction also gives a succinct 
argument for the value of applying this technology to this subject matter. 
“Digital recording, documentation and preservation are demanded as our heritages 
(natural, cultural or mixed) suffer from on-going attritions and wars, natural 
disasters, climate changes and human negligence.”1 
 
 The author then outlines the broad spectrum of applications in cultural heritage 
which 3D digital imaging can by employ. These include the laser scanning and 
photogrammetry techniques described earlier as well as alternate methods of creating 
structural and geographic models. He notes that the value of this technology has been 
recognized and that a variety of excellent work has been done to take advantage of its 
potential. The article is equally realistic in its discussion of the challenges 3D technology 
creates and the problems facing institutions which wish to use it. There is made mention 
                                                 
1Remondino, pg 1104. 
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of the problems of communication between cultural and technical specialists, and a 
discussion of where and how workflows can be interrupted or stalled. 
 With these considerations stated the piece gives four broad guide points for using 
3D successfully. The body of the article takes the form of setting out the technical 
information on carrying out different types of 3D data capture and the positive and 
negative features of these. The descriptive value of this is magnified with a skillful use of 
images displaying the results of the various techniques. Some of the elements of the 
article are quite technical and difficult to grasp for an inexperienced reader. However the 
piece does serve as an outline of both the value of 3D technology and a source for 
examples of different approaches. This would be a useful document to examine in 
beginning to use these tools.         
 3D digital imaging is often paired in other applications with 3D printing and 
other similar methods of creating physical items from digital data. While this paper 
primarily examines 3D digital imaging from the perspective artifacts meant to be 
viewed in a digital interface. This is an application of technology can allow for items 
to be digitally captured and in a sense recreated as new physical items, and may be 
valuable for individual depending on what they wish to use 3D for.   
The article by M. J. Wachowiak and B. V. Karas,  3d Scanning and 
Replication for Museum and Cultural Heritage Applications; published in the 
Summer 2009 issue of the Journal of the American Institute for Conservation 
examines 3D technologies in a cultural heritage setting. This article is written in an 
approachable style and does not assume a previous familiarity with 3D digitization 
from the reader. It describes the basic functioning and principals of 3D printing and 
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scanner as well as some related types of equipment, such as CNC (Computer Numeric 
Control Machinery). The publication date for this is also several years prior to 
widespread awareness of this technology and so also provide a useful picture of the 
state of development for this type of work. Because of this however the costs of 
several of the pieces discussed are far higher than at the present time, for example 
$100,000 to $200,000 for a laser scanner. Although it is noted by the author that 
equipment prices are decreasing. The primary value of the article is that it is written 
as an introduction to 3D laser scanning and provides a useful outline for the adoption 
of this 3D digital technique. This includes outlines of costs in time, necessary 
equipment, and examples of resulting 3D models.   
 In the article by R. Collmann, Developments in Virtual 3D Imaging of 
Cultural Artefacts, published in 2011 in the Ariadne Magazine the author describes a 
3D project from their institution. This effort aimed to create a small portable 3D 
scanning device for cultural heritage items and to deploy this system in a program of 
3D digitization. This article includes a wealth of information, despite is brevity. The 
primary value is that it addresses a single need in a cultural heritage context and 
documents the entire process from this beginning to end. This includes an 
investigation into technologies, the creation of a 3D scanning system, and information 
about the enactment of this technology with conclusions and suggestions for future 
work based on this experience. The piece is also well illustrated, with images 
detailing the use of the 3D system developed as well as an interesting screenshot of 
the computer interface used for 3D scanning. If one has decided to use 3D laser 
scanning this would be an essential practical piece on starting this work.       
7 
 
 The previous pieces primarily cover elements of 3D digital imaging specifically, 
and with focus on the practical elements of this process. However there is a large body of 
work which deals with the theoretical and conceptual aspects of using digital technology 
in cultural and humanistic projects. For this purpose the London Charter for the 
Computer-Based Visualization of Cultural Heritage, freely accessibly at the following 
URL http://www.londoncharter.org/, is an invaluable and extensive resource.2  While 
some of this may be somewhat daunting to approach it is important to consider the issues 
this document raises in developing and planning 3D projects. For the use of 3D to be 
successful and accepted both by the public and among academics as being authoritative 
and in conformity with the standards of accuracy and transparency demanded by other 
scholastic disciplines, there is a need for considerations of this sort. A section of the 
preamble to the Charter states this quite clearly,     
“...a set of principles is needed that will ensure that digital heritage  visualization 
is, and is seen to be, at least as intellectually and technically rigorous as longer 
established cultural heritage research and communication methods.”3 
 
 This document seeks to establish standards and practices as well as a mutually 
understood set of terms and definitions for the application of 3D technology to cultural 
subject matter. In many ways the formation and creation of this document can be seen as 
the initial major step for the digital-cultural discipline establishing itself. It is an extensive 
document and seeks to encompass a wide range of approaches and technical functions, 
some of which may not be of use for all readers. With this in mind however it is a well-
                                                 
2London Charter for the Computer-Based Visualization of Cultural Heritage. April 2016, 
http://www.londoncharter.org/. 
3London Charter for the Computer-Based Visualization of Cultural Heritage. April 2016, 
http://www.londoncharter.org/. Preamble. 
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drawn up and easy to navigate resource. This and the extensive bibliography and list of 
potential professional contacts contained are valuable in understanding the academic 
discourse on this subject. This would assist in applying this work to an institutions 
current or future program of 3D digital imaging.    
 Examples of a number of current approaches and issues in 3D work can be seen in 
the Apps, Map, and Models Symposium, held at Duke University in the spring of 2016. 
The schedule and a complete video recording of the presentations can be accessed at the 
following URL, http://sites.duke.edu/digsymposium/.4 
The Duke Symposium speakers discuss work from a wide variety of approaches 
and areas of scholarly interest. In this it is representative of the many different 
applications of 3D technology which the academe and cultural heritage professionals are 
currently undertaking. The vibrancy of this field as a new method of scholarship and 
engagement is apparent. These talks ranger from digital mapping based on historical 
journals, to architectural reconstruction, and sensory and spatial visualization of the built 
environment Renaissance Florence and ancient Roman cities. Of particular relevance for 
this paper are the talks by Philip Stinson, from the University of Kansas titled Fieldnotes: 
Documenting Roman Architecture and Sculpture at Aphrodisias and Sardis Using the 
New Photogrammetry; and  by C. Griffith Mann, from the Metropolitan Museum of Art  
titled Museums in a Digital World: Engaging Audiences in the Collection.   
 In an article by Naci Yastikli, Documentation of cultural heritage using digital 
photogrammetry and laser scanning, published in 2007 in the Journal of Cultural 
                                                 
4Apps. Maps, & Models: A Symposium on Digital Pedagogy and Research in Art History, Archaeology and 
Visual Studies. April 2016, http://sites.duke.edu/digsymposium/. 
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Heritage, the author provides a useful case study of the use of photogrammetry for 
documenting and preserving artifacts and structures of cultural value. This piece goes into 
detail about the advantages of photogrammetry for these applications. There is also very 
useful information about the technical aspects of capturing good data by employing 
intelligent photography practices. Methods for rapid digital image creation using 
automation are described. The introductory sections provide useful description of the 
technical principles of photogrammetry which would be helpful in conceptualizing this 
process. 
 The article also provides several highly visually appealing 3D models created 
using this technique, which are included below.5  The three images included in this figure 
show the application of 3D photogrammetry as applied to the interior dome of the 
Dolmabahce Palace in Turkey, and the religious artworks there. Image (a) depicts the 
initial point cloud created from photographic data points. Image (b) then shows what this 
subject looks like when a colored and textured mesh has been generated from this data. 
The final image (c) is the same subject depicted using a high resolution digital 
photograph. This shows a useful comparison of how much greater accuracy to the 
original subject can be achieved using 3D photogrammetry, in particular with subject like 
this dome interior which are curved or complex in their shape.    
                                                 
5Yastikli, Naci. Documentation of cultural heritage using digital photogrammetry and laser scanning, 
Journal of Cultural Heritage Volume 8, Issue 4, September–December 2007. pg 427. 
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Institutional Projects 
 
      The following 3D digital imaging projects are either completed or currently in 
process. They are included to serve as examples of this technique in terms of its results, 
and potential. The entries listed are a sampling from among the many different pieces of 
work of this sort being done today. 
      One of the most ambitious American projects included, and which is an excellent 
representative of laser scanning based work is the Smithsonian X3D project.6 This project 
formed the basis of interest in this topic for the investigator. With this resource it is 
possible to browse and download highly accurate renderings of a range of complex 
historical items held by the Smithsonian. This is representative of what can be done using 
3D with extensive support. The project provides access to dozens of high quality 3D 
models which can be immediately viewed and manipulated. These cover a range of 
subjects from various cultures and extend into biological and archaeological items. 
 Also described are serious efforts to connect primary school students with this 
work and apply it to enrich their studies. To further enhance on the 3D content available 
there are a number of contextualizing videos about the items and their related projects. 
The goal for this paper in examining approaches for making 3D project more realistic for 
smaller actors in the cultural heritage field is to extend the excellent results of X3D more 
widely . See an example of a 3D scan from the Smithsonian X3D below, this model of a 
                                                 
6 Smithsonian X3D. April 2016, http://3d.si.edu/. 
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Roman funeral monument from Syria. It is fully interactive in 360 degrees of vision on 
the site.7  
This artifact also has a supplementary video created by the Smithsonian which 
describes the site of Palmyra, the archaeology of the funeral sculpture, and the creation of 
the 3d artifact on display.8 The human figure in the sculpture makes the ability to see 
detailed and multi-angled views of the artifact important to appreciate and fully 
experience this item as a work of art. This enhances its value as a tool for scholars of art 
from this time and culture. This ability to see unlimited angles of site is a significant 
advantage of 3D digital imaging.   
  
                                                 
7Smithsonian X3D. April 2016, http://3d.si.edu/. 
8Smithsonian X3D. April 2016, http://3d.si.edu/. 
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The major non-profit organization CyArk, was founded in 2003.9 This is a truly 
monumental 3D cultural heritage undertaking. This team has put forth immense effort to 
create an online search-able database of photo-realistic 3D models. CyArk has the goal of 
creating 500 site models in the next five years. This project represents a broad swath of 
cultural and archaeological sites from around the world and from many eras. This project 
is an excellent showpiece for the virtues of digital access, outreach, and education which 
3D digital imaging offers. Users can easily navigate through digital structural artifacts. In 
addition to the 3D models available through this site there are sets of educational and 
contextualizing information on each location. This takes the form of a set of digital 
images and succinct text descriptions of the history of the 3D subjects. This would be an 
invaluable resource for scholarship and educational engagement. It is also an important 
reminder of the potential for this technology to capture very large as well as very small 
content. 
 An example of this site's content and interface from a particularly interesting 
section of 3D models depicts portions of the Assyrian Collection of the British Museum 
is included below.10 This illustration of a high quality 3D model of a monumental winged 
lion is accompanied by a set of education text on the Assyrian Empire and the collection 
of this material held at the British Museum. This page is a demonstration of how 3D 
digital content can be used to draw user interest and attention to written content which 
might otherwise be skipped over. The particular subject in the image also exemplifies 
how 3D digital imaging can be applied to complex and large scale items which are 
                                                 
9  CyArk. April 2016, http://www.cyark.org/. 
10 CyArk. April 2016, http://www.cyark.org/. 
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difficult to capture with appropriate accuracy. This monumental animal sculpture is an 
item of 3D artwork and was created in antiquity to be experienced in all of its 
dimensions. 3D provides a way of imparting this quality more fully than an image would 
be capable of doing.     
 
 
 There are a number of useful resource sites available on making use of 3D digital 
imaging content specifically in the context of cultural heritage. Among the best of these is 
the European site 3D COFORM: Tools and Expertise for 3D Collection Formation.11 
This site is a mine of useful information and practical advice on the merits of 3D 
in cultural work and approaches this technology. Their explicit goal is to establish 3D as 
an integral and practical means of documenting, preserving, and sharing cultural content. 
This page contains a large number of sub-sections which elaborate on 3D digitization and 
                                                 
11 3D COFORM: Tools and Experience for 3D Collection Formation. April 2016,  http://www.3d-
coform.eu/. 
 
15 
 
the relationships this site maintains with other similar projects and interested institutions. 
There is a listing of 3D software tools with instructions and tutorial examples. There are 
examples of 3D digital imaging projects and a number of relevant scenarios for their 
application at different types of institution. This site would be indispensable for any 
professionals exploring this subject and would provide assistance in discovering the 
potential and methods of application for this set of tools. 
 A 3D virtual project, created by the French Ministry of Culture has created a 
digital self-guided tour of the Lascaux Cave Site in south west France.12 This extensive 
cave system is a world treasure and dates to the earliest periods of human prehistory. The 
cave system contains some of the earliest known pieces of art created by early humans, 
which to this day possess a mystical and enchanting aesthetic quality. 
This project is an excellent example of both the preservation and digital access 
elements of 3D digital imaging. It also provides an example of this type of work that 
approaches the level of virtual reality in the means of its presentation. The cave site itself 
has become closed to the public to limit its degradation. This was brought on from air and 
microorganism contamination from outside the cave site. Without this 3D visualization 
this site would be totally inaccessible to the public. 
Two related examples which make use of the free 3D content hosting site 
Sketchfab are the webpages of the British Museum,13 and the UNC Chapel Hill Research 
Labs in Archaeology's Sketchfab.14 These sites resemble 3D model museum galleries. 
                                                 
12 Lascaux. April 2016, http://www.lascaux.culture.fr/?lng=en#/fr/00.xml. 
13 British Museum: A Museum of the World for the World. April 2016, 
https://sketchfab.com/britishmuseum. 
14 UNC Chapel Hill Research Labs of Archaeology. April 2016,  https://sketchfab.com/rla-archaeology. 
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Each contains several dozen high quality 3D digital models of archaeological items from 
their respective holdings.  
These two project examples are included to illustrate the usefulness of Sketchfab 
as a means of making this 3D material easily accessibly over the internet. The fact that 
this site does not have any subscription cost is an important element for small institutions 
that wish to make a foray into 3D digital material. This opens up horizons that would 
otherwise be closed for reasons of funding. A major problem encountered frequently is 
difficulty with making 3D models user friendly. These digital artifacts are not always 
supported by all internet browsers and can sometimes make these interfaces crash. The 
emergence of Sketchfab as an accessible resource is a critical component of making this 
technology practically accessible. This site is one of the new tools and methods which are 
frequently alluded to in the literature on the topic.     
 Another interesting project with connections to current politics and conflict, 
illustrates the restorative and preservation element of 3D. This is the Project Mosul Site, 
which can be access at the following URL http://projectmosul.org/.15 This project seeks 
to recreate the collections of the Mosul Museums, which had major portions of its 
holding publicly destroyed by Islamist terrorist in 2014. The occupation of this settlement 
in Syria has seen its cultural treasures looted, and destroyed both intentionally and as a 
byproduct of the conflict.  
This project is ongoing and currently contains several dozen completed 3D 
models of artifacts destroyed or looted in the last several years. One fascinating aspect of 
                                                 
15 Rekrei: Project Mosul. April 2016, http://projectmosul.org/. 
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this project is that it makes use of crowd-sourced image sets for digital photogrammetry. 
This approach is also being deployed at the historic and archaeological site of Palmyra 
which has suffered similar damage. Crowd-sourcing is a method applied in a variety of 
other fields. It tries to use a mass of surreptitiously created data to fill a need. In this case 
it is making use of the existing sets of tourist photos of these artifacts to create digital 
reproductions of the destroyed originals. It goes without saying that this idea hold 
significant value given the instability of cultural materiel and the inherent problems of 
capturing large detailed image sets in a conflict zone. 
 Two examples of crowd-sourced 3D models from this project are included.16 
Unlike other artifact examples, these two items are now destroyed or lost. The creation of 
digital models of this level of resolution is monumentally important for cultural heritage 
preservation. These artifacts are records of a history and cultural legacy from close to 
three millennia ago. Their existence is a valuable part of the cultural self-worth of the 
modern inhabitants of Mosul. Their destruction was a significant public act by a group of 
regressive fanatics seeking to terrorize this community and region. They sought to erase 
anything which did not fit within their rigid ideologies' framework of reality. The rescue 
of this material from oblivion by the application of modern technology is a powerful 
statement that these acts of barbarism will not be allowed to destroy the cultural 
patrimony of humanity. That is what is being said by the creation of these 3D models in 
the view of the investigator.       
 
                                                 
16 Rekrei: Project Mosul. April 2016, http://projectmosul.org/. 
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MakerSpaces 
 
While the Maker Movement and the MakerSpaces currently emerging at a variety 
of institutions in the United States is outside of the scope of this project it is worthwhile 
to briefly describe this topic. This is due to MakerSpaces’ strong connection with 3D 
digital imaging technologies and their staff’s experience in deploying these tools across a 
variety of purposes. MakerSpaces are also mentioning as a means for institutions 
interested in 3D to discover ways to effectively undertake these projects within the limits 
of budgets and staff time constrains. These facilities are located in a variety of spaces 
19 
 
including public libraries, and within colleges and universities. They typically contain 3D 
imaging and printing equipment and are a potential alternative to creating an in-house lab 
for the imaging/scanning for institutions working on a limited budget. They also will 
allow patrons to check-out some portable pieces of equipment. This would be a possible 
method of acquiring access to high quality hand-held scanners or digital cameras. 
MakerSpaces can be a valuable potential source of consultation and guidance for an 
institution or academic department seeking to begin a 3D digital imaging program. 
 
 
Terminology 
 
      3D scanning, photogrammetry, 3D imaging, 3D digitization, digital imaging, 
digital modeling, laser scanning, digital visualization; these and other terms all refer 
to the same fundamental technology. As might be expected of an emerging field, there 
are a variety of terms used to describe various forms of 3D digital imaging deployed 
in different areas of cultural heritage and the humanities. In his article on 3D and 
cultural heritage Fabio Remondino comments on some of the problems this causes for 
institutions trying to deploy these tools “...it is difficult, in particular for non-
specialists, to select the right product due to a lack of standard terminologies, 
specifications and performance benchmarking.” 17 
                                                 
17Remondino, pg 1105. 
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      The results of 3D digitization by whatever name are generally similar. They aim 
at creating a digital recreation of a subject, which can be digitally shared and 
interacted with by users. This type of work can be carried out in a variety of ways, 
making use of differing software programs and data capturing devices according to 
what works best in each case. One reason for this divergence of terms is the 
multiplicity of humanities institutions and fields of study which are trying to apply 
this technology to their own respective areas, needs, and interests. The application of 
this technology in cultural heritage is still in the emerging stage, and has not so far 
gained a standardized lexicon of terminology. For this paper the descriptor 3D digital 
imaging is used to refer to this set of technology approaches. This is an accurate and 
fairly precise term for the subject of this research. It conveys the three dimensionality 
and digital character of the end results of this technology, as well the reinforcing the 
seeing and vision based nature of these results. 
 
 
Technological Principles 
 
      In order to discuss 3D digital imaging it is necessary to include an overview of 
this technology, its different aspects, and underlying principles. After seeing 3D 
models it comes to mind how these digital artifacts are created. The software and 
hardware tools can be quite specialized and challenging to use if one has not 
encountered them before, however the basic principles on which they operates on are 
relatively straightforward. 
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      3D digital imaging can be accomplished using a variety of methods suitable for 
different needs and physical item types. The two approaches described in this paper 
are laser scanning and photogrammetry. These are the most commonly used in 
cultural heritage and were the methods with which interviewees had personal 
experience. Each of these two approaches has its own positive and negative aspects 
and is suitable for application depending on circumstances. There are some essential 
similarities. As is true for digital technologies generally, 3D scanning and 
photogrammetry operate by directing and precisely measuring electromagnetic 
energy. 3D Scanning accomplishes this with a laser beam playing over the surface of 
an object. Photogrammetry uses the light reflections recorded by a camera and 
materialized in a set of digital photographs. This process is described very precisely 
in the website18 of the non-profit corporation Cultural Heritage Imaging which has 
been an important source for this paper. The Cultural Heritage Imaging page on 
photogrammetry is a useful resource which provides an in-depth look at this 
technique, as well as image and video examples of its application.   
  Laser scanning and photogrammetry each uses energy waves to precisely 
measure a physical item. This wave is emitted and makes contact with the surface of a 
subject. The light wave’s point of contact is marked and measured and this point of 
data is used to create a digital reproduction of the subject. To create a 3D model 
requires many hundreds of thousands of data point like this. Software is employed 
which uses geometric calculation to triangulate the sites and spatial relationship of an 
                                                 
18 Cultural Heritage Imaging: A Non-Profit Corporation Helping Humanity to Save History. April 2016, 
http://culturalheritageimaging.org/.   
22 
 
interconnected set of data points that reproduce physical features such as texture and 
dimension. The thousands of points are connected together in what is termed a data 
point cloud. This process can create incredibility accurate representations in optimal 
conditions. According the need for low or high resolution 3D artifacts or limitations 
in computer processing power this level of detail can be increased or decreased. An 
illustration of the geometric principles for this calculation and some very useful 
information on laser equipment calibration are supplied by an article from 2009 by 
Wackowiak19 
 
 
3D Laser Scanning 
 
      3D laser scanning can be accomplished with a variety of commercially available 
pieces of equipment. These are specialized for different needs and circumstances, as 
well as cost. An interview participant describes two types of scanner and their optimal 
uses in the below quotation. 
“For small objects the Next-Engine is really the favored technology where you 
want to get a fairly high degree of detail for a small object. For larger objects, 
like people sized the Sense Scanner is definitely better, especially when you 
want to retain the surface texture to get that sense of detail for the visual 
aspect.”20 
 
                                                 
19Wachowiak, M. J., & Karas, B. V. (2009). 3d scanning and replication for museum and cultural heritage 
applications. Journal of the American Institute for Conservation, 48(2), 141-158. 
doi:10.1179/019713609804516992. pgs 148-150. 
20Six, S. (2016, April 3). SILS Masters Paper Interview Six [In Person Research Interview]. 
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The article by Jason Reuscher, published in 2014 describes the implementation of a 
3D scanning service in an academic library. This is a valuable article to consult for 
further information on 3D laser scanning in this context. It contains a useful 
explanation of a medium sized Next-Engine scanner and some helpful illustrations of 
how it captures 3D content21  
This type of scanning device was the most commonly used for laser scanning 
from among participants for this paper. The Next-Engine Scanner system costs 
approximately $4,000. It is a compact scanner which contains the laser and camera 
equipment in a rectangular housing. Artifacts are placed on a tripod and the laser and 
camera record data points to create a 3D model. This scanner can be set up on a desk 
or work table.    
3D digital imaging with a laser scanner is dependent on the dedicated piece of 
equipment and has a size limit corresponding to the area the laser can be directed to 
cover. Larger scanners can cover larger subjects. For very large subjects such as 
structures or physical sites it is possible to use mobile, hand-held versions of this 
equipment such as the Sense Scanner. 
Laser scanning in particular requires the use of visible light based photographs 
to add details like color. The laser component is only able to register texture and size 
and will not create a photo-realistic model. The Next Engine Scanner has a camera 
incorporated into the scanner device itself, and this is present in most new scanners. 
                                                 
21 Reuscher, Jason A. 2014. “Three-Dimensional (3-D) Scanning Within Academic Libraries: Exploring and 
Considering a New Public Service.” Pennsylvania Libraries: Research & Practice 2 (1). 
doi:10.5195/palrap.2014.56. pgs 66- 68. 
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Without accompanying photography the resulting model will simply be a flat matte 
color typically gray or white. This is adequate for some 3D purposes where the 
dimensions and form are the only relevant points of information. However it is very 
important in using 3D for cultural heritage to include the color and texture in models. 
To leave out this information detracts significantly from the value of 3D in this 
context since the resulting digital artifact will not completely reflect the appearance of 
the original.    
A major challenge for using a laser scanning approach is the cost of 
equipment itself and the need for a secure dedicated space for its use. A laser scanner 
also takes significant amounts of time to data capture an object. This is described in 
by an interview participant familiar with this technology “If you do it with laser 
scanner its expensive and time consuming.”22 Commercially available 3D scanners 
can range in size and cost from under a $1,000 to several dozen thousands of dollars 
for the largest scanner devices. In an article from 2009, Wachowiak gives a figure of 
$100,000-200,000 for the particular laser scanner described in his article and 
comments on that as a low cost! Fortunately these figures have decreased 
significantly.23 These and associated costs make this a very resource intensive method 
of generating 3D digital content. For these reasons 3D based on laser scanning has 
been adopted primarily by very large national or federal level institutions such as the 
Smithsonian.        
                                                 
22Interview 4, S. Four.   
23Wachowiak, pg148. 
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3D Photogrammetry 
 
Photogrammetry is the other available option for 3D digital imaging 
considered in this paper. An interview participant who makes significant professional 
use of this technique describes it this way, “Our method is to take pictures of an 
object from many different angles and use Agisoft PhotoScan software to stitch it 
together into a 3D model.”24  Photogrammetry creates the digital data point necessary 
for 3D digital imaging by using the light emitted by a digital camera. Generating set 
of points is accomplished by data captured from a set of appropriately positioned 
photographs. This requires a digital camera, but due to recent advances in the 
technique does not necessarily have to be one of extremely high quality or arranged 
precisely in relation to the object.25 There is even a smartphone application, 123D 
Catch which allows a user to employ his or her phone embedded camera for this 
purpose. 123D Catch is useful in carrying out photogrammetry in that it shows the 
user where their images have captured data relative to the objects surface. This is 
helpful in ensuring that portions of the object have not been missed or insufficiently 
data captured. This application also can generate 3D models from relatively low 
resolution images. One can examine this application further at the following URL,    
http://www.123dapp.com/catch. 
 These images then need to be combined into a 3D model, which requires a 
specialized software program. Agisoft PhotoScan is the primary program used for this 
                                                 
24Interview 4, S. Four. 
25 Cultural Heritage Imaging: A Non-Profit Corporation Helping Humanity to Save History. April 2016, 
http://culturalheritageimaging.org/.   
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according to those interviewed, however there are other commercially available. The 
license of this program is relatively low, as little as $60 for the standard, and ~$600 
for the professional version. Because of the lower dollar figure for required software 
and hardware photogrammetry stands in contrast to 3D laser scanning. It is a 
relatively approachable and low resource technique. This method also allows for a 
greater ease of content capture for large, irregular, or immobile subjects. This includes 
examples like architectural features, or historical sights. 
 Below is an illustration of point clouds and model meshes taken from an 
article describing these technologies26. These images shows in figures (a), (b), and (c) 
the different stages of creating a 3D model using a laser scanning device. Laser 
scanning and photogrammetry each apply these same steps to make a 3D model but 
employ different methods for capturing the initial data. Image (a) is the initial point-
cloud created by data points, if zoomed into greater detail this would appear as a set 
of dots covering the surface of the sculpture and defining its surface. Image (b) shows 
the basic 3D model which is created when these data points are triangulated and 
connected together digitally. The artifact generate is a unified gray mesh which 
depicts in the solid surface of the sculpture. The final image (c) shows the mesh after 
it has had color and texture data added to the initial mesh, the result being a photo-
realistic 3D model which accurately represents the original.    
                                                 
26Remondino, F. 2011.Heritage Recording and 3D Modeling with Photogrammetry and 3D Scanning. 
Remote Sensing, 3, 1104-1138. pg 1122 
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Methodology 
 
    The approach chosen for gathering the research data for this investigation was by 
conducting a series of qualitative guided interviews with persons holding relevant 3D 
domain knowledge and experience. These participants eventually numbered seven, 
and each are engaged in professional work involving aspects of 3D digital imaging. 
These participants are all residents of the North Carolina Triangle region and are 
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employed in academic scholarship and instruction. These individuals were identified 
and contacted through an iterative process that relied on an examination of authors of 
relevant literature, as well as an examination of 3D imaging projects mentioned at 
UNC, and referrals by interview participants. An additional practical reason for their 
selection was their proximity and availability for interviewing. A number of other 
potential candidates could not be reached in time to take part 
      These interviews took the form of one on one, in-person sessions with participants 
organized on the basis of availability. The interviews during these meetings were 
based on a set of 12 questions which had been drawn up on the basis of previous 
research into the available relevant literature. They ranged in time from 
approximately 25 to 70 minutes. 
  A primary initial task in this effort was to discover examples of this type of work 
carried out previously by cultural institutions and to develop a working familiarity as 
the investigator with the basic terms, theories, and concepts involved in 3D 
technological application.  The interview questions were designed to lend a 
conversational tone to the interaction. There was flexibility in their ordering and 
scope. This allow for the participant to describe and reflect on their own work as well 
as their thoughts on 3D digital imaging technology more broadly. 
      After giving a brief outline of the current research project the participants were 
invited to talk about their individual experiences and outlook on 3D digital imaging. 
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This set of questions is available for examination in the Appendix of this paper. These 
interviews were recorded. 
      The resulting interview recordings were analyzed and quotations of particular 
relevance to the research topic were transcribed for use in this paper. This content 
forms the vital product of this research in the form of a consolidated set of practical 
suggestions and approaches for initiating and carrying out a program of digital 
imaging. This with the overall goal of making this processes an easier to justify and 
embark on for other practitioners. Additional useful thought from interviewees were 
on useful application of 3D to cultural heritage, its role in academic publications, and 
thought on future developments for this field.   
 There are a number of variables were in place regarding what experience 
participants had had with 3D and their areas of academic interest. These were included as 
a representation of the complexity and range of this technologies application. These 
resulted in differing types of interview response data. There were several types of items 
being worked with by each participant, and they used different 3D tools and techniques. 
For example an one archaeologist who was working to document aspects of a dig site had 
quite different needs and experiences from a museum collection curator working to 
digitally document small singular artifacts for use in academic instruction. There was also 
the variable of available resources within the institution or organization conducting this 
work. As far as possible I have included individual participants with experience in these 
different areas of work to achieve a better-rounded picture of 3D technology in cultural 
heritage.   
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 In order to protect the anonymity of each of the interview participants' their names 
have been anonymized when quoting portions of their interviews and in citations. While 
it did not appear that the views or information conveyed during these interviews was 
particularly controversial or likely to cause personal or professional difficulties, it was 
thought prudent to take into respect the participant’s privacy. Participant names were 
anonymized using a simple schema based on the chronological order of each interview 
from one to seven. From this was assigned a non-personal first name. This for example 
resulted in Rivers Three, or Hill Five. 
 
 
Research Findings 
 
Digital Accessibility 
 
 The capability to share highly detailed, interactive representations of collections 
content over the internet was one of the major advantages which the use of 3D holds 
over traditional 2D methods such as scanning and photography. The interview 
participants were in agreement that this technology has major potential to allow for 
superior digital access for this type of subject matter. This element of the interview 
finding will be explored in the following section. 
“It will enhance that work, because anything that lets you record things digitally 
better than in 2D photographs will help in capturing and preserving information 
and then being able to render or capture things in 3D helps make that information 
more accessible to the world at large. Because you can deploy it on the web and 
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deploy it in ways that allow people to see it, and visualize it, and use it more ef-
fectively than you could images that are just two dimensional images, photo-
graphic images.”27 
  
      Over the last several decades significant two dimensional digitization programs 
have been enacted in libraries, archives, museums and other related cultural 
institutions. This has radically altered this field's capacities and characteristics for 
access to text and image documents. A program of 3D digital modeling has the 
potential to apply these same benefits to the objects held in cultural collections today. 
Several interview participants saw 3D as a natural extension to their previous work 
with 2D digitization, but with several major benefits not possible with this earlier 
method. 
“... really this is just a natural extension of what my job has been over time, in    
term of digitization.”28 
 
“It seems continuous with what I'm already doing with photography, with  
regular photography.”29 
 
“I think there are issues of sharing our cultural heritage in a medium you need to 
address, with 3D materials that you just can’t really express in a 2D format.”30 
 
 As the above quotation states, two dimensional digitization is often inadequate or 
unsuitable for subjects which fall into the sphere of cultural heritage. Sculpture and 
architecture are two examples of materials like this. After being uploaded to the web, 
                                                 
27 Interview 4, S. Four.   
28Five, H. (2016, March 29). SILS Masters Paper Interview Five [In Person Research Interview]. 
29Interview 5, H. Five. 
30Six, S. (2016, April 3). SILS Masters Paper Interview Six [In Person Research Interview]. 
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properly processed and curated 3D models can allow fast access to physically 
complex items of great intrinsic scholarly and educational value. An interview 
participant describes some of these advantages and a few fields they would be 
particularly useful in. 
“...certainly within areas of art history, for people who are architectural historians, 
and who are Classicists in part because they more archaeological type 
investigations, 3D modeling is sort of the next extension of that. So I can go 
beyond having a, series, of images of a sculpture, from the front from the sides 
from the back, the top. All those separate things....if we can do a 3D model image 
of it, you can actually rotate it, see it all, as a whole, as it would look in real life. 
That could be a good teaching tool; it can be a good research tool.”31 
 
“I think definitely for any facility that wants to share 3D models of their 
 collections, it would definitely be advisable.”32 
 
 
      The items held by cultural heritage institutions are things of importance for both 
specialized professionals such as researchers, archaeologists, and historians and the 
body of humanity in general. The barriers of time and distance being what they are, 
people are frequently not able to experience these things first hand. Audiences which 
would both enjoy and have their lives enrichment by this material often do not have 
means to travel to museums and similar places. It has occurred with the advent of 3D 
digital technology that it is possible to somewhat overcome these limitations. Society 
is more and more moving to a model of interaction based around digital 
communication. The creation of 3D digital collection has the potential for aligning 
                                                 
31 Interview 5, H. Five.  
32Interview 6, S. Six. 
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with these changes and allowing a great increase in the audiences who can experience 
and enjoy this cultural patrimony. 
“As to the objects, the artifacts, we got into 3D modeling out of necessity; 
because we came to the realization we were never going to be able to display 
these objects at UNC.”33 
 
“…over the years we fought to try to get some exhibit space for telling the 
story of North Carolina’s earliest peoples, and we were never successful in 
that…space being at such a premium….it’s unlikely we would ever have a 
freestanding structure.”34 
 
These two above interview quotations touch on a major problem encountered by the 
participant's institutions and one which also faces the great majority of museums and 
holders of cultural items. Exhibition space limitations make it functionally impossible 
for more than a small percentage of a collection to be visible to the public. It is true 
that museums and galleries rotate their exhibited material, but this is very time 
consuming and is not done with enough frequency to ever show all items.  While 
having this material preserved is much better than the alternative, the fact that these 
collections are in storage and are inaccessible to patrons is a major problem and at 
odds with the ethic of access and public enlightenment. 
3D technology and its application can allow access to these items, which may 
unfortunately never be available for public view. Having 3D models available on an 
institutions web page is a good alternative to physical access and reproduces and in 
some ways expands upon what is possible for the viewer to experience. One of the 
participants interviewed put it this way, “…if you can’t display the things physically, 
                                                 
33Interview 1, W. One. 
34Interview 1, W. One. 
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you can at least provide access.”35 
      There has been in the past a concern from cultural professionals that digitization in 
various forms would make their dedicated display spaces under used or irrelevant. An 
interview participant addressed this, saying “If you could just see it online why come to 
the museum, and I think that’s missing the point.” The persons interviewed did not agree 
with this concern and if anything thought that digital access could be a powerful tool for 
building interest and community commitment to these institutions. The idea of having 3D 
collection content accessible digitally was seen as a positive and productive method of 
sharing this material, “as much as possible we want to make this information available 
for others to use.”36 
“There’s a couple of things, one is accessibility, that I think always is going to be 
important for people to want to go to the museum to see the actual objects. But 
this opens up the collections to a much wider audience and if anything it probably 
encourages visitation, it peaks your interest.”37 
 
 
Scholarship & Research 
 
“For me what was important was not creating a duplicate object, but rather 
 creating something that had detailed digital spatial data within it which you 
 could use for research purposes.”38 
 
 3D digital imaging along with its other benefits can also have a positive impact on 
the work of academic scholarship. This is in part an aspect of greater access to this 
material and the elimination of travel and authorization limitations, which have been 
                                                 
35Interview 1, W. One. 
36Interview 1, W. One. 
37Interview 1, W. One. 
38Interview 1, W. One. 
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described in the above section on digital access. Greater ability to locate and see 3D 
material affords these same benefits to multiple audiences, and scholars are among the 
most frequent users of this content. 
 However 3D also opens further benefits to the scholarly and academic users of 
cultural material. It does this first by allowing for much more access to detail and digital 
manipulation. This is an objectively superior way of viewing cultural items when 
compared to images. This was commented on as a significant positive by several 
interview participants, in particular in regards to very complex or subtle items such as 
sculpture, excavation sites, or architectural decorative elements. These are quite 
challenging to capture in a useful way using 2D images.    
 
“Art Deco architecture ... there is a lot of sculpture it's a lot of relatively subtle 
reliefs sculpture on buildings, that would be a great thing to do with 3D 
modeling, you could actually see those subtle gradations.” 
 
 “We have long been interested in 3D modeling, primarily because what 
 archaeologists deal with are often three dimensional objects, the excavations we 
 conduct are three dimensional. Though historically, or until very recently 
 everything is represented in two dimensions.”39 
 
 
 The above quotations the interview participant pointed out that in the context of 
their individual work in documenting architectural detail, and in archaeological 
excavation the methods predominantly employed in the past are inadequate for showing 
the full level of detail of the subjects in question. These persons each agreed that the use 
of 2D images or drawing was made use of in the past was simply due to a lack of better 
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alternatives. This is likewise summed up in the following quote quite well, “Just a photo 
doesn't do it...”40   
 From the interview data gathered it appears that professionals in a variety of fields 
which use cultural items in their work are aware of 3D digital imaging and the potential 
this holds. In this quotation referring to 3D documentation it is clear that this is now seen 
as the way to carry this out “This is a way that allows you to document those objects in 
the best way possible  given today’s technology.”41. Other positive affordances described 
include the ability to zoom in and out for greater detail, and the option to rotate the 
subject to any angle of view. 
 A limitation for the use of 3D which was mentioned by participants was the 
difficulty in including this material in traditional academic publications. It is clearly 
not possible to show 3D items in a paper article, and it is often impossible or very 
difficult to have these in online articles. This applies more broadly to the emerging 
field of digital humanities. This is certainly a problem for academics who undertake 
this work and presents difficulties in terms of receiving credit and for their career 
advancement. These possess the danger of career minded academic shying away from 
3D work for fear that they will not receive appropriate credit from their peers and 
institutions.   
Major additional issues are the still present unfamiliarity of some in the 
academic communities with 3D materials and its overall newness to these areas of 
work. Participants did however believe that this issue was gaining a greater awareness 
                                                 
40Interview 1, W. One. 
41Interview 1, W. One. 
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in academic circles and that there was the possibility of solutions to address these 
problems on the horizon.   
“…this is a way you I think can enhance and contribute and do something  that 
there is a need for but there’s really, in terms of academic scholarship I’m  not 
sure how much in terms… of what faculty do to get tenure, to get  promotion 
and all this that I think academia is only now beginning to place  more value 
on digital publication.”42 
 
 “...how do you give credit? What is and is not a publication? I think the 
 academe is still wrestling with that. But things are changing so fast now.”43 
 
Laser Scanning vs Photogrammetry 
 
 
“There are going to be limitations with that sort of technology, there is going 
to be technologies that are going to be more high definition but much more 
expensive. So you have to balance cost verses what you want to get out of 
it.”44    
 
       The above quotation describes succinctly the hurdles involved in using laser 
scanning to create 3D content. A major goal of the research interviews conducted for 
this paper was to discover methods and approaches to creating 3D digital content in a 
way that is more practical and efficient and points to alternatives which will help to 
overcome these limitations. While there are a number of really excellent 3D digital 
imaging programs underway in several museums, non-profits, and other related 
cultural institutions, these are often very resource intensive undertakings which 
require large commitments of time from staff and initial capital invested in training 
and equipment. 
                                                 
42Interview 1, W. One. 
43Interview 4, S. Four. 
44Interview 6, S. Six. 
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       The Smithsonian X3D project touched on previously is an American example of 
such a program which depends on a high level of investment. The majority of CHI 
however does not have these resources available and many are already strained in 
their budgets and staff commitments. As a participant describes this laser scanning 
approach was often entered into when they were not as many alternatives available as 
there are today. This was the so called 'bleeding edge' of adopting new forms of 
technology which required high up-front costs. This perception has hampered the 
application of 3D digital imaging in cultural heritage. 
“I think laser scanning took off before structure from motion became widely 
 available and accessible...I think laser scanning was the first thing that caught 
 on and a lot of the early demonstration projects used laser scanning so other 
 people obviously looked to those as a source of inspiration.”45 
 
 The problems of 3D laser scanning as an approach are further elaborated on by the 
interviewee. 
“...he was able to scan four small objects in one full day, and still had a huge 
amount of post-processing to do to make the models look halfway decent.... it 
kind of confirmed...that laser scanning was not very efficient from the amount of 
time it takes to produce a model, so let's try something else.”46 
 Given the cost and serious time commitments and constraints of a laser scanning 
approach, a major positive finding providing from the conducted interviews were 
experiences from participants in finding alternative methods. These make use of low 
cost means of creating and providing access to 3D content. This approach is described 
                                                 
45Interview 4, S. Four. 
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by an interview participant in relation to their work, and would be a useful model for 
a low resource, low investment method of creating 3D content. 
 “I think photogrammetry techniques are definitely the way to go, you can start 
 with the basic version of Agisoft Photo-scan and if you go to 
 professional versions of the software that's so vastly more affordable than 
 paying for the  labor of actually doing the scan physically.”47   
 
 
While carrying out 3D digital imaging with this technology is not completely 
intuitive, it does seem as if it is possible to become proficient in a reasonable amount 
of time. The participants were also enthusiastic in describing how efficient and quick 
this process could become once the basics of it were learned. 
 
“... essentially figuring out how to do that well and how to do it efficiently 
took some trial and error. But he did eventually figure it out and not it just 
goes bing bing bing and he's done. It's pretty impressive how fast these 
models come together.”48 
 
“So I do think that this is approachable, for either an individual scholar, or a 
small museum, or a smaller institution. That one reason why this seemed like 
a natural thing to do, that could be started pretty gradually, easily.”49 
 
   
      As the above interview quotation describes this method involves using the 
photogrammetry method of digital data capture instead of the more time and money 
intensive laser scanning alternative. The results of using photogrammetry also do not 
seem to be inherently lower in visual quality or resolution compared to the laser based 
alternative, 
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48Interview 4, S. Four. 
49Interview 5, H. Five. 
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“... maybe we would detect a difference in the third or fourth decimal place, but        
for all practical purposes there is not difference.”50   
 
   Photogrammetry does require some specialized tools. The most often referred to is 
the Agisoft PhotoScan program. As an interviewee states has a relatively moderate 
subscription cost in the several hundred-dollar range. This is in direct contract to the 
investment costs for even one of the more reasonably priced pieces of 3D scanning 
equipment which was given as approximately 4,000 by another interviewed person.51  
There is also a smartphone application, 123D Catch which is available to assist with 
taking appropriate photograph sets and generating 3D models from this data. The 
participants in interviews seem to support this software and the photogrammetry 
method as being both cost effective and suitable to their needs.   
“Agisoft is what has served all out needs; we do use the professional version 
which is a bit more expensive than the standard version, but still well within 
the range of a budget for a place like this. The standard educational price is 
about sixty bucks, the professional version I think is a little under 600, but 
that's not expensive as software goes.”52     
  
One of the interviewed persons actually had access to a high quality laser scanner and 
has now chosen to forgo using this in their work in favor of photogrammetry due to 
the quicker 3D capture and digital editing times involved. 
“We started experimenting with laser scanning using that next-engine scanner, 
and fairly quickly abandoned that and found that using photogrammetry using 
structure from motion was giving us much better results, much faster results.”53 
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52Interview 4, S. Four. 
53Interview 4, S. Four. 
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       Photogrammetry has been used for a variety of other applications since the 1950's 
such as documenting historical architecture and geographic surveying. Advancements 
in technology have recently made using this technique much less rigorous in the need 
for precisely arranged photographic data. Likewise the computing power and data 
capturing capacity of the digital devices used for photogrammetry have increased 
markedly. This is described nicely on the portion of the Cultural Heritage Imaging 
website describing this method. 
“Recent technological advances in digital cameras, computer processors, and 
computational techniques, such as sub-pixel image matching, make 
photogrammetry a portable and powerful technique. It yields extremely dense 
and precise 3D surface data with a limited number of photos, captured with 
standard digital photography equipment, in a relatively short period of time. In 
the last five years, the variety and power of photogrammetry and related 
processes have increased dramatically.”54 
 
 Once 3D material is created there also appears to be effective methods for making 
this accessible. This is provided by the free Sketchfab 3D hosting site. 3D models can 
be uploaded to this website and interacted with like any other web content. As a 
digital interface for the display of 3D models this site seems aesthetically pleasing as 
well as effective. Of the professionals interviewed for this project all of those whose 
work resulted in 3D model artifacts chose this site to display this material to the 
public, “the models themselves are all on Sketchfab.... our photos and everything are 
on CDR.”55     
                                                 
54Cultural Heritage Imaging: A Non-Profit Corporation Helping Humanity to Save History. April 2016, 
http://culturalheritageimaging.org/.   
55Interview 1, W. One.   
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 It is also possible to create a sort of 3D gallery of items with this site. The 
effectiveness of this platform is shown by its adoption both by the relatively small 
scale Research Labs of Archaeology, a part of the Archaeology department of UNC 
and by the significantly larger British Museum. The resulting 3D content generated 
by these institutions and others is fully search-able within the site. 
 
Preservation & Reconstruction 
 
This is an area where 3D modeling can have an enormous positive impact. 
Cultural materials are frequently quite fragile and vulnerable to damage and 
destruction. Either due to malicious attack or simply by natural degradation or 
overuse valuable elements of the human record can ceased to physically exist. This 
represents a loss to the human community as a whole. Valuable and culturally 
significant items are also frequently at the center of international debates and legal 
confrontations over ownership. While 3D cannot and should not simply replace the 
physical artifacts it can be a suitable preservation method of last resort if loss or 
damage is unavoidable or has already occurred. 
 There have been multiple examples of cultural destruction and looting in 
recent years and bold initiatives have been undertaken to use 3D to preserve and 
reconstruct some of these. Examples include the temple of Baalshamin in the Syrian 
Palmyra world heritage site and the Mosul Museums collections in northern Iraq 
which included the famous Lion of Mosul artifact of Assyrian origin. The Mosul and 
Palmyra artifacts were destroyed by ISIS extremists during their occupation of these 
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areas in 2014 and 2015. There are also the Afghan Buddha’s dynamited by the 
Taliban regime in the early 2000's, which are similarly being recreate with 3D 
techniques. 
  Participants interviewed were aware of current projects to make 3D 
replications of the destroyed items mentioned. They found this to be an exceptional 
use of 3D technology which is not permitted by any other method of preservation or 
documentation to anything close to an equivalent level of detail. These 3D projects 
are serving the interests of protecting the cultural record of humanity and are also 
raising the public profile of this technology in a beneficial way. Quotations describing 
these efforts are included.   
 “The Mosul Museum and the Mosul Lion, objects that were in that museum that 
 have been destroyed that people are now essentially using structure from motion  
 to reconstruct.”56                                  
 
 “They are doing it with Palmyra, there was a famous sculpture called the Lion 
 of Mosul that was in the Mosul Museum that was very publicly destroyed by 
 ISIL.”57 
 
 A highly exciting aspect of several 3D preservation projects is that with 
photogrammetry the photographic data capture part of the work does not have to 
inherently be done as part of a specific effort. It is possible to create crowd-sourced 
photogrammetry models from the masses of photographs of a site. This is not as 
viable an option for less well known or remote sites. However the efforts of this type 
so far have been promising. It would provide a useful emergency tool for preserving 
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this content in cases like Palmyra and Mosul. At so many points in the past cultural 
heritage which was lost or destroyed was beyond any salvation. While it could be 
mourned there was little which could be done to reconstruct what was already gone. 
This provides a fascinating active option to address these serious problems.      
  “(the ruins of Palmyra)… they reconstructed those using tourist photos, the 
 same thing with the Buddha’s in Afghanistan that were destroyed by the 
 Taliban.”58    
 
 “One of my students went online and he got enough photos from one of the 
 Buddha’s in Afghanistan to create a 3D model, even though the thing was 
 destroyed 15 years ago by the Taliban….it came out great.”59 
 
Another area of application in this sphere is relating to fragile items which 
would be damaged by exposure to physical handling, light, or air. By creating 3D 
representations, these at risk artifacts can be taken out of physical circulation. 3D 
digital imaging provides a way for scholars and the public to interact with materials 
that have to be stored in specialized conditions and are not able to be displayed for the 
sake of their own integrity, “the fact that you don't have to deal with the originals aids 
in their long term preservation as well.”60. This is an advantage allowed by 2D 
digitization as well and has assisted with maintaining material of this type held by 
cultural institutions for many years.   
  A third area of application involves artifacts which rather than being destroyed are 
the center of legal and international controversy. Creating 3D models offers a method of 
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retaining the active use of this debated content if the originals are repatriated to their 
country of origin. A notable controversial example of this is the Elgin Marbles taken from 
the Parthenon by British scholars during the 19th century. While debating the legality and 
morality of these items proper caretakers is outside of the scope of this project, the loss of 
this material would be a serious problem for the institutions which currently own these 
artifacts. Interview participants were aware of these eventualities and recognized 3D 
digital imaging as being a superior way of addressing institutional loss of items should 
this occur. 
“There are number of items held here that will likely end up somewhere else 
at some point... we will be left with the models, which is a whole lot better 
than just the photographs”61 
 
“... and also because of federal legislation we  from time to time have to repatriate 
objects in our archaeological collections to  Indian tribes that are culturally 
affiliated, and so when those objects are repatriated they often are reburied, they 
become inaccessible. Our hope is in the future, 3D modeling will allow us to 
make a digital record of these objects so even if the object itself is lost for further 
study we will have a much better record  of it than with two dimensional 
records alone.”62 
  
 “It’s particularly important if you have objects you may lose, either through 
 repatriation to a native American group or objects of cultural patrimony like 
 the Elgin marbles or the Nefertiti that’s in a German museum that Egypt 
 wants back.”63 
 
   
Cultural Heritage & the Digital Age 
 
“The one thing that's kind of a given, is that the content and the ease of access 
of collections, whether their scanned documents, or photographs of objects, or 
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three D models of objects is only going to get richer and richer. Probably in an 
exponential way.”64      
 
 A significant component of how individuals and societies currently find 
information and experience the world takes place through the digital medium.  It is 
common today to carry out personnel communications, work transactions, leisure 
activities, interactions with the state, and geographic decisions using digital tools. 
This trend seems to be entrenched and is unlikely to reverse itself. This is described 
as the digital or information revolution. Cultural heritage in three dimensions can help 
to transition these collections into this digital realm. 
“The technology brings museums into the reality of the digital world.”65.    
  
  Institutions can tap into these changes and gain major advantages in how their 
content is discovered and disseminated. As an interview participant mentions this 
means a great change in cultural heritage access and visibility, “This makes it 
accessible to anyone that has a computer.”66. There is the potential to provide great 
possibilities for the enhancement and expansion of cultural heritage institutions, both 
in how their materials are experienced and perceived by the public. This has many 
facets and modes of application. Digital imaging has the potential to significantly 
reduce the limitations of physicality that currently make the use of CHI holding less 
visible and appreciated by their audiences than is optimal. In addition to making 
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access easier, this can allow for the re-positioning and re-branding of cultural heritage 
in a radical and beneficial fashion. 
 “…it ought to be accessible, it belongs really to everyone. The collections we 
 have technically all of it belongs to the state of North Carolina, but the state of 
 North Carolina means not just the government but the people.”67 
 
As the above quotation suggests there is a significant barrier to the use and 
enjoyment of cultural items that is connected to the need to physically go and view 
them on the part of the visitor. Professionals who are engaged with this materiel seem 
to be aware of this and see 3D as means to alleviate some aspects of it. 
“...the 3D models we are going to on our virtual museum. We hope our virtual 
 museum will be used by school kids.... I could show them a flat picture of an 
 artifact. What's more engaging and more fun, looking at a flat picture or being 
 able to take that 3D model with a mouse and turn it around, look at it from any 
 angle? It's obviously much more engaging, much more interesting, and I hope 
 that that will generate interest.” 68 
 
  3D digital imaging is at the cutting edge of how items will be preserved and 
made available to the public and is developing into valuable resource. The end result 
of a well-conceived and applied 3D program can be a set of digital artifacts that 
generate excitement and engagement. This content can be accessed and shared 
thought digital devices and the internet. 3D can give cultural heritage a degree of 
transfer-ability and accuracy exceeding anything previously possible. 
 An aggressive use of this new format would be very useful in building content 
appeal for current and new audiences. It would provide an excellent source of 
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evidence on what cultural institutions do and why it this is of value. This would help 
in dispelling the lingering association with backwardness and exclusivity that 
unfortunately is sometimes associated with these institutions.   
 
 “Ultimately museums are about preserving cultural heritage.... in a larger city 
 cultural heritage is something that most people either don't think much about, 
 don't value very much. For a large segment of the population politically it’s 
 just well a waste of taxpayer money and I think the more that institutions, 
 other museums and universities can make things accessible to the public at 
 large that the more those attitudes have chance of being changed. That these 
 are places of value, that allow you to be or see more than you get from you 
 daily experience...”69      
 
 Building an association with this new and growing field of technology would 
also demonstrate how cultural heritage can be at the forefront of technological 
innovation. The 3D digital format allows for far more detailed and exact 
representations of complex subject to be made use of. A digital interface can allow 
patrons to more selectively decide what they wish to explore. 3D models in a digital 
interface may also provide a more personalized and appealing method of connecting 
with this material. This is how many persons have grown up or become accustomed 
to dealing with information. 3D digital imaging has a strong potential to move the 
work that CHI's do into this new digital era. There is a saturation of technology and of 
users who demand high quality remote access to information. This is especially true 
of the younger audiences of cultural heritage materials, as an interview participant 
notes         
“Particularity for younger generations, for whom technology is just a given.... 
the technology if you're going to catch the attention of young people, since 
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their world is so much technology if you don't have like a technological angle 
it might be harder to catch their interest.”70 
 
 Gradual Approaches 
 
“...get started, in so many instances institutions get frozen trying to develop the be 
all end all that they never get off square one.”71 
 
      A project of this sort has to be planned in the initial stage and justified by staff 
members who have other professional concerns. This would likely slow the ability of 
institutions with very small numbers of fulltime staff. This project recognizes these 
challenges and seeks to provide some means of making the case for the application of 3D 
technology and its justification. It can be hoped that the trend towards lower entry costs 
will lessen these issues as time goes on. In the intervening time it would be most 
appropriate for professionals in these difficult circumstances to attempt 3D projects that 
are within their means and which will not strain their limited resources. It is also 
advisable to approach 3D work in an incremental fashion. This was described by an 
interview participant as follows, “My position has always been, you just try to devise 
what you think is a solid plan and just go with it, and it's amazing what you can do in the 
course of a year, two years.”72 Familiarizing ones self and ones colleagues with both the 
value and existence of 3D technology and its potential would be a valuable first step. This 
work does not have to be an all or nothing undertaking. As several of the interview 
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participants noted their own efforts began on a very modest scale and grew over time as 
they attracted greater visibility and interest. 
 
Limitations on Digital Accessibility 
 
 The second and much broader problem 3D digital imaging presents is the larger 
societal issue of the undeniably present lack of access to digital skills, devices, and 
the internet. This arises from economic and educational inequality both in the United 
States and other nations in the developed and developing world. These issues are 
unfortunately outside the topic of this project. In many instances these barriers are 
difficult for cultural institutions to directly address. 
      This phenomenon termed the digital divide is a massive and troubling problem 
that creates lack of access and opportunities for both economic and cultural 
empowerment.  3D technology though still has the potential to greatly expand and 
enhance the network of people who are able to experience the important work of 
cultural heritage. Institutions which undertake this work should be aware of this issue 
and not assume that everyone who might benefit or have an interest in this material 
has the same level of digital access as themselves. 
 One suggestion that would partially address this issue and allow more use of 3D 
material is the formatting of websites for 3D artifacts created to allow access and 
interaction though a mobile phone based interface. These devices are in many 
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instances the only ones accessible to large numbers of socioeconomically struggling 
people. 
  To mention the example of the Museum collections and artifacts in Mosul Iraq 
described previously, it would be both unfair and counterproductive to the efforts of 
creating 3D digital imaging if the citizen of this city could not reasonably access the 
content captured and preserved by this 3D program. Another example comes from 
providing high quality access to models of 3D objects from Native American historic 
sites to their modern descendants. This example is an interesting example of 
technology being applied to create easier access to its own cultural materials for a 
historically marginalized group in the United States.  
“…the public I think it helps them appreciate what we are doing they can gain 
insights from it we had native groups in NC and VI that have discovered 
artifacts we posted on the Carolina Digital Repository and they’re using those 
to inspire their contemporary art, so their all different kind of ways that the 
objects can be used… the 3D objects give them a much better appreciation 
than you get from photos…”73 
      Being aware of and addressing these real problems concerning information access 
of this type and in this context strongly falls under the professional imperatives in 
place among library & information workers, and persons engaged in any cultural 
heritage work. One positive element noted as present among interview participants 
was the importance of these access issue and their significance to culture centered 
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efforts, “I tend to have a very democratic view towards that.”74. When these issues 
were raised they appeared to have been considered by participants and consistent with 
the project undertaken by those interviewed. One interview participant had this to say 
on these issues, sentiments which were echoed by the others involved as well “We 
want people to access this stuff; we don't want to put up any monetary hurdles to 
that.”75 It is also within the purview of the topic of 3D digital imaging that access to 
cultural material of this type can help to empower and build a greater connection to 
their respective histories among the many groups of people struggling for recognition 
and equality both in the United States and the world at large. 
 
Further Research 
      It is clear from the interview results and literature consulted for this paper that there 
remains a great many potential pieces of research that could be undertaken to further the 
use of this technology. In the discussion of 3D scanning vs. photogrammetry it was clear 
that each of these were more or less favorable to different types of material and different 
resource circumstances. With this in mind it would be very useful to have a set of case 
studies created on the process and results of a 3D digital imaging program carried out by 
a typical cultural institution. This would serve the purpose of realistically examining all 
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the stages of this work's being carried out from the planning and justification to product 
completion and assessments of these results. 
       Another avenue of study that suggests itself would be carrying out a detailed user 
study of different audiences and their responses and engagement with 3D content. The 
goal all the project with 3D is to make this cultural material itself more accessible and 
interesting. It is useful to examine whether or not this result is occurring from a given 
investment in time and funding. This user study could expose different audiences who 
interact with this type of content and then query them on how this affected their leaning 
process or level of interest in the subjects presented. Potential groups for this might 
include primary school children learning basic history, university students, or academics 
using this materiel in research.       
 
 
Conclusion 
 
“It's the kind of things we have to work out for any kind of digital project, finding 
the staff, finding the time, finding the money for the equipment. Those are issues 
we always have so I do think overcoming the 3D thing is conceptual.”76 
    
 Digital imaging technology has the potential to enhance the value and 
accessibility of cultural heritage materials to a great degree. It can allow for the 
transformation how cultural material is accessed, experience, studied, and preserved. 3D 
imaging have the potential to have the same positive effect on institution as other forms 
of digitization have had in related places of cultural work. There is also the possibility for 
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this sort of imaging project to become a departure point for technological collaboration 
and innovation between cultural heritage and other professions. 
 Being on the leading edge of this innovation can only accrue benefits. This 
technique can be seen as moving places like museums into the modern era and 
revitalizing their connection with the general public. The barriers and challenges to 
enacting these 3D systems are at a much lower point than ever before. That is not 
however to say that this is completely without difficulty. Applying 3D will take time and 
effort to be successfully realized. It is also very important to have adequately planned and 
thought out implementing a 3D program, and to have an awareness of the positives and 
negative involved. 
 The research data from interviews suggests that 3D technology is now and will 
continue to be an important new method in cultural heritage. The costs of equipment, 
training, storage and so forth will continue to decrease and ever more effective and 
approachable methods will come into being. This also appears to be a form of technology 
that will be expected and demanded on the part of audiences of cultural heritage. This 
field is rapidly growing but is still in the early stages of emergence. From the research 
finding it seems advisable for cultural institutions which have not already done so to 
begin feasibility experiments with this suite of technologies. 
 Professionals employed in cultural heritage should have internal conversations 
about what would be most realistic and appropriate for their particular circumstances. 
They should also seek out resources and accessible practitioners for guidance with these 
efforts. This could take the form of email or telephone conversations, visits to sites 
engaged in 3D work, and attendance at professional conferences and workshops. These 
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were some of the methods of communication profitable employed by several of the 
persons interviewed and provided a useful platform to begin 3D digitization. 
 Above all it is advisable to not be daunted by the novelty or complexity of 3D 
technology. There are many avenues for tailoring this technology to one’s specific needs 
and resources. One point agreed upon in the interviews was that the conceptual and 
hurdles to 3D digital imaging were as great as or greater than the work itself. “... I really 
do think they have to see the relevance of it to their own particular research or work.... I 
think barriers are fairly low and getting lower. If people can see using it as it applies to 
their work.”77   Carrying out a successful program would include making a well-reasoned 
case for its value and convincing ones colleges that this technology is beneficial and 
worth the effort.          
 With this in mind cultural heritage professional can embark on the new vistas this 
method offers and reap the benefits for themselves and their audiences. 3D digital 
imaging appears to be at the forefront of cultural heritage and it wise to adapt to these 
changes in a confidant and forward looking manner. 3D is rapidly becoming a fact of life 
in how cultural material is experienced and the challenges to employing it are receding 
rapidly.   
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Interview Questions—W. Knauth Spring 2016 SILS Masters Paper Research 
1. Please describe your work and experience with 3D modeling and digitization. 
2. What motivated you to begin working with 3D modeling and digitization? 
3. What are the advantages of 3D modeling and digitization? 
4. What are some issues and challenges with 3D modeling and digitization? 
5. What software and or hardware do you use in your work? 
6. What informational resources did you make use of to begin your work? 
7.  How would these technologies affect cultural heritage institutions such as 
museums, historical sites, and galleries? 
8. How can these technologies support the core goals of a CHI or university? 
9. Do you think this will be a technological tool used increasingly in the future? 
10.How could access to these tools affect the work of CHI and LAM practitioners? 
11. Do you have suggestions for making 3D modeling and digitization more 
accessible to less well-endowed institutions? 
12. What are some projects you are aware of in this field that you consider on the 
cutting edge or highly effective demonstrations of these technologies capabilities?  
